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1. INTRODUCTION 

A growing number of evidence indicates that there 
are coherent patterns of variability in sea surface temper- 
ature -or i ! anomaly not only at inrerannual timescale, 
bur also at decadal-to-interdecadal timescale and beyond 
i Foliar, d et ai. 10* t: L at if and Barnett 1006: Chans 
et ai. 1007; Zhang et al. 1007. Lau and Weng 109* 
The multi-scale variabilities of SST anomaly have shown 
great impacts on world climate. In this work, we analyze 
multiple timescales contained in the globally averaged 
SoT anomaly with and their possible relationship with 
the summer and winter rainfall in the United States over 
the past four decades. 

2. DATA AND METHODS 

The SST anomaly is based on U x L° lonx lat 
GISSTS2.3b data set provided by U. K. Meteorological 
Office, with the climatology for the period of 1961-00. 
The U.S. rainfall anomaly is based on the 102-division 
data set provided by the Climate Prediction Center, 
NO A A. The relationship between the SST anomaly and 
the rainfall anomaly in the L'.S. obtained here is for 1955- 
199" summers and L955/56- 1997/9* winters. However, 
the whole SST record (l-S7l-199"/9* ) is used in wavelet 
transform for continuation around 1955. Since there are 
apparent trends in these seasonal mean SST anomalies, 
a linear mend has been removed from each time series 
before wavelet analysis is performed. After separating 
the time series of the globally averaged SST anomaly 
into dinerent timescales, the linear trend that is a part 
of the long-term trend is then added back to the compo- 
nent with centennial variability i'CEV, timescales longer 
than 64 years) as the trend fTRD) for the period of 
1955-97. The signals with timescales between 8 years 
and 64 years are combined as "decadal- to- interdecadai 
variability >DIV i. and those w : t h timescales less than 
3 years are combined as rinterarmual variability" (IAV). 
For each season, the linear regression is performed for 
these three temporal components (IAV. D1V and TRDi 
with global grid SST anomaly between 40° S - 60° N, and 
with the rainfall anomaly in the U.S. In the figures pre- 
sented here, the subscripts ’*s“ and "w" indicate "sum- 
mer" and ■'winter', respectively 
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3. GLOBAL MEAN SST ANOMALY 

Lau and Weng i 199*) analyzed inrerannual. 
decadal- to- interdecadai and global warming signals in 
globally averaged annual mean sea surface temperature 
for the period of 1955-97 by using NCAA's 10 degree 
resolution data. Here we study the difference between 
summers and winters ac the timescales of lAV. DIV and 
TRD. Fig. I presents the global wavelet spectra of lin- 
early detrended SST anomaly in JJA and DJF for the 
period of 1955-97. The main difference between the two 
seasons is at the LAN timescale. The dominant IAV 
timescale in JJA is longer than 4 years, while that in 
DJF is shorter than 4 years. The lAV in DJF is much 
stronger than that in JJA. In both seasons. DIV has 
apparent peaks at decadal (around 10 years) and in- 
terdecadai (around 40-50 years) timescales, and a weak 
bidecadai signal faroundl9 years-. There is also a weak 
signal at C’EV timescale in both seasons. The original 
SST anomaly and the corresponding time series of lAV. 
DIV and TRD are presented in Fig. 2 for JJA and Fis. 
3 for DJF, respectively. There are two time series for 
IAV . One (shown bv bars) is from directly wavelet coef- 
ficients. and the other (shown by a curve} is the differ- 
ence between the SST anomaly and the sum of DIV and 
TRD. In both seasons, the magnitude of DIV' is compa- 
rable to that of IAV . [t is not clear how much of the larse 
positive values in DIV may be due to the edse effect of 
wavelet. However, since we used the whole data length 
! 1 2 < years) for wavelet transform, the large positive value 
around 1960 should not be influenced by an edge effect 
at the DIV timescale. Thus, the large positive values of 
DIV in both seasons in 1990 s may be reasonable. This 
DIV may be responsible for the frequently observed Ei 
Nino events in the 1990's. 

3. SST ANOMALY PATTERNS 

Figs. 4 and 5 present the linear regression patterns 
of SST anomaly with the three t;me series shown in 
Hgs. 2 and 3. respectively. These patterns show how 
the SbT anomaly in these seasons vary at IAV, DIV 
and TRD timescales in different oceanic areas. At the 
LAV timescale, both seasons show an El Nino-like SST 
anomaly distribution, with a positive global mean. In 
DJF, the positive anomaly in the eastern tropical Pa- 
cific and the negative anomalies in the extratropics in 
both hemispheres are stronger than those in JJA. At 
the DIV timescale, a positive center in the subtropical 
eastern Pacific off west coast of North America intensi- 



ftes. The SST anomaly in this area may have a great 
impact on the climate in the L’.S. at the DIV timescale. 
Meanwhile, the North Atlantic basically varies with the 
same sign as the global mean SST anomaly at the DIV 
timescale. As the length of the timescale increases, the 
positive center in the tropics weakens, while the nega- 
tive center in the extratropics in Northern Hemisphere 
intensifies. This implies that while the globe showing a 
warming trend, the extratropicai North Pacific and the 
northern parr, of the North Atlantic show cooling trends 
with the largest cooLing rate in the extratropicai North 
Pacific. 

4. RAINFALL ANOMALY PATTERNS 

Preliminary results show rinar rhe are, as suffered 
wun floods and droughts may be linked to different 
timescales of the variability of the globally averaged 
5ST anomaly i GMSST). In summers, a positive GMSST 
component at I AY timescale i Fig. 6a) may be related 
to severe droughts in the southeastern states while the 
hoods in the south and vvest of the Great Lake, New 
England states, and the northwestern L'.S. At the DIV 
timescale < Fig. 6b). a positive GMSST component may 
be related to a wetter eastern part of the U.S. while drier 
in the west. Severe flood may occur in che middle south- 
ern states of the L.S. Due to the global SST warming 
trend (Fig. 6c). the coastal states in the southeastern 
IS become drier while most of the L'.S.. especially in 
the east coast of Canada and the Great Lake area be- 
come wetter. In winters, a positive GMSST at the IAV 
timescale i Fig. 6d) may be related to Hood in east coast 
of the L 5. and California (especially its southern part), 
while drier in most other area, especially to the south of 
the Great Lakes and those in the northwestern states ex- 
cept for Pacific coastal area. At the DIV timescale (Fig. 
6e). a positive GMSST may be related to the flood in 
Texas and California and drought in northwest states of 
the Is. 1 he global SST warming trend (Fig. 6f) tends 
to make most part of the L'.S.. especially the southern 
states wetter while northwest coastal states of the L'S 
drier. 

The above patterns and the components of GMSST 
shown in Figs. 2 and 3 are used to estimate the impacts 
of che 1997-96 El Nino event on the anomalous seasonal 
rainfall distribution in the L'.S. at different timescales. 
Fig, 6g shows the combined impact of 1997 SST anomaly 
at lAA . DIN and TRD timescales on the rainfall in the 
Lo. for the summer. Fig. 6h is the observed rainfall 
anomaly during 1997 summer, v arious parts of the L'.S. 
may be influenced differently depending on timescales. 
As seen from Fig. 2. all the three components in 1997 
are positive. Thus, in most states along Atlantic coast 
is drier than normal, while the mid states and western 
coast area .are wetter. Figs. 6i and 6j are the combined 
and observed rainfall patterns, respectively, for 1997/96 
winter. The main features of the combined pattern are 
similar to those observed: the southeastern and western 


coastal states are wetter, while northwestern states away 
from the west coastal area are drier. 

The patterns shown in Fig. 6 are only the part of 
rainfall that may be related to the global scale (glob- 
ally averaged; SST anomaly. Although Figs 4 and 5 
have shown the corresponding SST anomaly patterns 
related to LVv . DI\ and TRD components of GMSST, 
these may not reflect other SST anomaly influence on the 
rainfall in the L. t?. due to :>ST anomaly distribution in 
space, which will be studied separately. 
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Figure 1: Global wavelet spectrum of the detrended SST 
anomaly for a) J.JA and b) D IF 
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Figure 2: Global mean J.JA’s SST anomaly 
and its IAV. DIV and TR.D components based 
on wavelet coefficients. The two [\V signals 
are explained in the text. 


Winters (1955/56 - 1997/98) 






>uminer Winter 1997 Summer 1997/98 Winter 



iuiomatieb are heavy (li^ht ) shaded 












